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ABSTRACT 


Problems  arise  with  nickel/cadmium  aircraft  batteries  as  a result 
of  deterioration  of  the  conventional  cellophane  barrier  layer  in  the 
separators.  The  cellophane  deteriorates  especially  rapidly  in  the  cells  at 
elevated  temperatures.  Tests  have  shown  that  Celgard,  a polypropylene  micro- 
porous  polymeric  film  manufactured  by  the  Celanese  Plastics  Company,  can  be 
substituted  for  the  cellophane  and  can  readily  withstand  the  oxidizing  en- 
vironment in  the  cell  even  at  elevated  temperatures. 

Celgard  is  available  with  several  variations  in  characteristics  but 
most  of  them  were  not  studied  in  detail.  Problems  may  be  experienced  with 
deterioration  of  wetting  characteristics  but  these  do  not  appear  to  be  ser- 
ious. Examples  of  laboratory  experience  which  illustrates  the  ability  of  the 
Celgard  to  withstand  severe  usage  are  given. 


RESUME 


Les  accumulateurs  nickel/cadmium  posent  certains  problSmes,  car  la 
membrane  de  cellophane  couramment  utilisSe  comae  sSparateur  se  diteriore,  et 
cette  deterioration  est  particulifcrement  rapide  loraque  la  temperature  est 
e levee.  Des  essals  ont  demontri  que  cette  membrane  peut  etre  remplacee  par 
une  membrane  Celgard  (pellicule  en  polypropylene  microporeux,  fabriquee  par 
la  Celanese  Plastics  Company)  qui  r£siste  facilement  aux  conditions  oxydantes, 
meme  A des  temperatures  eievees. 

Diverses  variantes  de  pellicules  Celgard  presentant  chacune  plusieurs 
caracteristiques  sont  actuellement  dlsponlbles  sur  le  marc he,  male  la  plupart 
n'ont  pas  ete  etudiees  en  details.  La  diminution  de  la  mouillabillte  peut 
etre  & l'orlglne  de  certains  problfemes,  mals  11  ne  semble  pas  s'agir  la  d'un 
inconvenient  vralment  grave.  On  donne  quelques  exemples  illustrant  la  capa- 
cite  de  la  pellicule  Celgard  1 resister  & des  conditions  tris  oxydantes. 
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INTRODUCTION 


At  the  request  of  the  Directorate  of  Avionics  and  Armament 
Engineering  (DAASE)  the  Defence  Research  Establishment  Ottawa  (DREO)  undertook 
the  investigation  of  various  problems  with  nickel /cadmium  aircraft  batteries. 
Some  of  the  more  serious  problems  with  these  batteries,  especially  at  ele- 
vated temperatures,  are  due  to  the  degradation  in  the  potassium  hydroxide 
electrolyte  of  the  cellophane  barrier  layer.  After  a preliminary  survey  of 
various  materials,  DREO,  about  four  years  ago,  began  investigating  the 
possibility  of  replacing  the  cellophane  with  Celgard*.  To  avoid  unnecessary 
duplication  of  work  then  in  progress  in  the  United  States,  Permion**  was  ex- 
cluded from  the  investigation  except  for  limited  study  for  orientation 
purposes . 

The  Initial  experiments  in  the  laboratory  with  cells  containing 
Celgard  were  sufficiently  encouraging  to  prompt  a decision  to  parallel  the 
continuing  work  at  DREO  with  field  tests.  A number  of  cells  were  there- 
fore commercially  rebuilt^  with  Celgard  instead  of  cellophane.  Some  of  these 
were  tested  at  the  Quality  Engineering  Test  Establishment  (QETE)  and  some 
were  subsequently  given  preliminary  flight  trials  at  the  Aircraft  Maintenance 
Development  Unit  (AMDU) . These  tests  were  followed  by  the  procurement  of  a 
larger  number  of  cells  with  Celgard  and  more  extensive  field  tests  were 
initiated  under  the  surveillance  of  DAASE.  These  tests  were  still  in  progress 
at  the  time  this  paper  was  being  written. 

Results  of  the  studies  at  DREO  are  reported  periodically  to  the 
tasking  authorities.  This  paper  briefly  reviews  and  updates  the  information 
previously  submitted.  It  also  gives  a brief  introduction  to  the  varieties  of 
Celgard  available  and  draws  attention  to  areas  which  have  not  been  invest- 
igated to  date  at  DREO. 


* "Celgard"  is  a family  of  polypropylene  microporous  polymeric  films 
developed  by  the  Celanese  Plastics  Company,  Summit,  New  Jersey,  U.S.A. 

**  "Permion"  is  a family  of  grafted  ion  exchange  membranes  manufactured 
by  the  RAI  Research  Corporation,  Hauppauge,  L.I.,  New  York,  U.S.A. 

t Used  cells  were  rebuilt  by  Air  Battery  Industries  Ltd.,  Montreal, 
Quebec . 
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BARRIER  LAYER  REQUIREMENTS 


The  barrier  layer  in  nickel/cadmium  aircraft  batteries  is  required 
to  perform  a number  of  functions.  It  must  permit  adequate  ionic  current  flow, 
it  must  stop  cadmium  migrating  species  from  forming  electron  conducting  paths 
between  the  positive  and  negative  plates,  and  it  must  prevent  oxygen  gas 
generated  at  the  positive  plate  during  overcharge  from  reaching  the  negative 
plate.  In  addition  it  should  be  able  to  withstand  the  oxidizing  environment 
in  the  cell  over  the  temperature  range  of  interest,  and  some  consideration 
must  be  given  to  cost,  availability,  ease  of  handling,  longevity,  failure 
modes,  etc. 


Ionic  conductivity  may  take  place  through  the  layer  by  means  of 
electrical  activity  of  the  membrane  structure  (ion  exchange  membranes)  or  it 
may  occur  by  ions  moving  (mass  transport)  through  electrolyte  in  the  pores 
which  provide  continuity  through  the  film.  Celgard  permits  flow  by  the 
latter  process.  Also  bubbles  of  oxygen  do  not  pass  through  the  pores  when 
they  are  filled  with  liquid. 


THE  CELGARD  FAMILY 


Celgard  is  a polypropylene  microporous  polymeric  film  available  in 
several  variations,  some  of  which  are  of  interest  in  the  present  context. 

As  discussed  in  the  previous  section,  ionic  current  must  flow  through  the 
barrier  layer  in  batteries.  However,  the  polypropylene  film  with  a critical 
surface  tension  of  35  dynes/cm,  is  Inherently  hydrophobic  (1)  and  the  pores 
would  therefore  not  fill  with  the  potassium  hydroxide  electrolyte  which  has 
a surface  tension  of  about  90  dynes/cm.  To  circumvent  this  the  film  is 
rendered  hydrophilic  by  coating  it  with  a surfactant  during  the  manufacturing 
process.  Celgard  is  available  with  either  of  two  surfactants.  These  are 
Identified  by  a "0"  or  a "1"  in  last  digit  of  the  manufacturers  four  digit 
code. 


Two  pore  sizes  are  available.  The  pores  are  claimed  to  be  oblong 
and  approximately  0.02  microns  by  0.20  microns  for  the  smaller  pores.  The 
larger  pores  are  approximately  0.04  by  0.40  microns.  However,  the  pore 
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volumes  of  the  respective  films  are  claimed  to  be  about  38%  and  45% 
respectively.  The  films  with  the  different  pore  sizes  are  distinguished  from 
each  other  by  the  second  digit  in  the  code  with  "4"  designating  the  smaller 
and  "5"  the  larger  pores. 

The  Celgard  film  is  relatively  strong  in  the  transverse  direction, 
but,  once  split,  tears  easily  in  the  lengthwise  (machine)  direction.  The 
manufacturer  has  developed  a web  lamination  process  for  heat  sealing  a light 
polypropylene  web  to  the  film  to  prevent  this  from  happening.  It  was  suggest- 
ed that  nylon  or  similar  separator  material  normally  used  in  cells  to  protect 
the  barrier  film  may  not  be  needed  on  the  web  side  of  such  Celgard  and  that 
if  suitable  web  laminations  were  provided  on  both  sides,  a single  sheet  of 
this  material  could  possibly  replace  the  present  three-layer  separator.  Such 
double-laminated  Celgard  has  been  produced,  at  least  on  an  experimental  basis. 

All  of  the  possible  combinations  of  surfactant,  pore  size  and  web 
laminations  are,  of  course,  available. 

The  scope  of  the  work  reviewed  here  did  not  permit  extensive 
simultaneous  work  on  all  of  the  above  variations.  In  the  interest  of  early 
solution  of  the  more  serious  problems  in  the  field,  work  was  concentrated  on 
the  Celgard  films  with  the  smaller  pores  and  no  web  laminations.  Some  work 
was  carried  out  with  other  variations,  but  this  was  insufficient  to  properly 
assess  these  products.  In  particular,  the  effects  of  the  larger  pores  on 
cell  resistance  at  low  temperatures,  and  the  overall  effects  of  web  laminations 
were  not  evaluated. 


EARLY  WORK  WITH  CELGARD 


Initially  the  search  for  a replacement  for  cellophane  barriers 
involved  direct  chemical  and  electrical  tests.  These  narrowed  the  choice 
to  Celgard  and  one  other  material.  The  latter  was  later  eliminated  when  it 
was  found  to  be  superior  to  cellophane  but  still  deteriorated  fairly  rapidly 
in  cells  at  elevated  temperatures.  Previously  used  cells  were  then  rebuilt 
in  the  laboratory  with  these  materials  as  barriers.  Control  cells  were  made 
with  new  cellophane.  The  Celgard  used  was  the  precursor  of  Celgard  3400, 
then  designated  as  2400W. 

Conventionally,  the  cell  separator  consists  of  the  barrier  layer 
sandwiched  between  two  layers  of  nylon  cloth  or  other  such  material.  The 
three-layer  combination  is  interleaved  back  and  forth  between  the  adjacent 
plates  in  the  pack.  Thus  it  separates  the  positive  from  the  negative  plates 
but  does  not  completely  enclose  the  bottom  edges  of  the  plates,  nor  the 
alternate  side  edges.  However,  the  cells  under  discussion  were  rebuilt  with 
a variety  of  different  wrapping  configurations  in  an  effort  to  investigate 
a variety  of  factors.  The  experiments  carried  out,  unfortunately,  indicated 
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that  the  variability  from  cell  to  cell  was  too  great  to  permit  assessment  of 
some  of  these  factors  with  the  low  numbers  of  cells  in  each  configuration. 

The  primary  objective  of  finding  a superior  substitute  for  cellophane  was 
attained,  however,  and  information  to  guide  further  investigation  was  obtained. 

In  general  the  cells  with  Celgard  performed  as  well  or  better  than 
cells  with  cellophane.  For  example,  the  carbonate  concentration  in  a number 
of  cells  was  reduced  to  below  1%.  After  identical  cycling  and  other  experi- 
ments it  was  found  the  carbonate  concentration  in  the  cells  with  cellophane 
had  risen  to  above  6%  while  in  those  with  Celgard  it  remained  below  2%.  In 
another  experiment  discharged  cells  were  stored  at  70#C  for  two  successive 
72  hour  periods.  Subsequently,  in  overcharge  tests  the  cells  with  Celgard 
behaved  normally.  Those  with  cellophane  heated  up  rapidly  and  gas  emission 
rate  was  about  one-half  of  normal,  showing  severe  cellophane  damage  (2).  Thus 
from  this  early  research  it  was  concluded  that  (a)  Celgard  withstands  without 
noticeable  degradation  cell  operation  at  elevated  temperatures  which  destroy 
cellophane,  and  (b)  in  cells  with  Celgard,  carbonate  contamination  of  the 
electrolyte  does  not  increase  with  cycling  as  it  does  in  cells  with  cellophane. 

It  was  also  found  that  the  high  temperature  storage  in  the  dis- 
charged state  caused  a permanent  loss  in  cell  capacity  regardless  of  barrier 
material  used.  However,  it  was  noted  that  the  loss  was  smaller  in  cells 
using  Celgard  "pocket  wrap"  over  the  negative  plates.  In  this  construction 
the  Celgard  was  sealed  along  three  edges  and  pulled  upward  over  each  cadmium 
plate.  It  seems  possible  that  the  capacity  loss  was  due  to  the  loss  of 
cadmium  hydroxide  from  the  plates  by  dissolution  and  diffusion,  and  that  the 
pocket  construction  reduced  this  loss.  However,  no  further  investigation  was 
done. 


Some  of  the  cells  were  built  with  the  Celgard  cut  into  lengths  that 
were  "U"  wrapped  over  the  negative  plates  to  cover  the  bottom  edges.  Nylon 
was  "fan"  wrapped  over  the  Celgard  in  the  conventional  manner.  After  about 
10  months  of  use  a short  circuit  started  developing  in  one  of  the  cells.  It 
was  found  that  an  inadvertent  fold  in  the  Celgard  had  resulted  in  a wedge 
shaped  portion  along  one  edge  of  one  plate  being  separated  from  the  adjacent 
plate  only  by  woven  nylon.  This  area  was  saturated  with  migrating  cadmium 
products  which  were  presumably  beginning  to  form  electronic  conducting  paths. 
This  method  of  construction  is  obviously  undesirable  because  of  the  diffi- 
culty of  ensuring  proper  placement  of  the  barrier  layer  under  the  nylon 
covering. 


In  some  cells,  not  wrapped  in  the  conventional  manner,  strips  of 
Celgard  were  used  with  the  machine  direction  vertical.  In  these,  when  sub- 
jected to  high  temperature,  a small  amount  of  shrinkage  was  noted  in  that 
direction.  This  does  not  take  place  when  the  material  is  used  in  the  con- 
ventional manner  so  that  the  machine  direction  in  the  Celgard  la  restrained 
by  the  plates. 
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LATER  EXPERIENCE  WITH  CELGARD 


The  early  work  reviewed  above  was  carried  out  with  Celgard  coded 
2400W.  Some  months  after  this  material  was  received,  it  was  found  that  a 
quantity  on  the  shelf  would  no  longer  wet.  No  problems  were  experienced 
with  the  cells  which  had  been  built  previously  since  once  electrolyte  fills 
the  pores  it  tends  to  remain  there.  Some  of  the  Celgard  still  on  the  shelf 
was  subsequently  rewetted  and  used  successfully  in  cells  rebuilt  in  the 
laboratory . 

Celgard  3401,  which  uses  a different  surfactant,  was  claimed  to 
have  better  shelf  life.  It  was  therefore  used  during  most  of  the  laboratory 
investigations  which  followed  and  in  most  of  the  batteries  under  field  test 
until  recently.  Its  general  performance  seemed  identical  to  that  of  Celgard 
2400W  (subsequently  coded  3400) , except  that  occasionally  mild  foaming  pro- 
blems were  experienced  during  overcharge.  In  the  laboratory  this  was  readily 
controlled  by  the  use  of  an  antifoaming  agent.  Recently,  it  was  claimed 
that  the  wetting  characteristics  of  Celgard  3400  had  been  improved  and  also 
that  it  is  free  from  foaming  problems.  Further  work  with  this  has  been 
started. 

Three  areas  of  the  more  detailed  work  with  Celgard  3401  are  of 
interest  and  are  discussed  in  the  following  sections. 


THE  FLOAT  CHARGE  TEST 


Test  Specification  CF-B-70  includes  a test  referred  to  as  the  float 
charge  test.  In  part,  and  in  general  terms,  the  test  requires  that  a fully 
charged  battery  be  put  on  charge  at  1.5  volts  per  cell  in  a chamber  main- 
tained at  498C.  To  pass  the  test  the  current  after  the  first  two  hours  must 
not  exceed  4A  and  the  battery  temperature  must  not  exceed  71°C,  for  a period 
of  50  hours . 

Batteries  can  pass  this  test  only  if  oxygen,  generated  at  the 
nickel  plate,  does  not  reach  the  cadmium  plate  (3).  Batteries  with  cellophane 
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barriers  generally  did  not  pass  the  test  and  the  cellophane  was  severely 
damaged  at  the  temperatures  which  resulted.  Because  of  this,  study  of  pro- 
cesses within  the  cell  was  handicapped.  Celgard  is  not  damaged  at  these 
temperatures  and  permits  more  extensive  investigation.  Significant  exper- 
iments are  briefly  described  below. 


BARRIER  CIRCUMVENTION 


As  mentioned  earlier,  the  standard  wrapping  configuration  does  not 
enclose  the  bottoms  or  alternate  edges  of  the  plates.  To  establish  whether 
or  not  gas  exits  from  the  plate  pack  via  the  bottom  openings,  a cell  was 
constructed  in  the  laboratory  as  follows.  The  conventional  configuration  was 
used  but  the  Celgard  layer  was  permitted  to  project  about  two  inches  below 
the  plates.  The  projection  was  folded  over  and  placed  between  the  side  of 
the  pack  and  the  cell  case  wall.  When  the  cell  was  placed  on  overcharge, 
a steady  stream  of  gas  bubbles  was  seen  to  emerge  from  the  opening  in  the 
folded  over  Celgard.  This  gave  direct  evidence  that  relatively  large 
quantities  of  gas  may  be  forced  out  of  the  bottom  of  the  pack.  It  follows 
that  with  the  normal  configuration,  some  of  this  oxygen  is  free  to  contact 
the  cadmium  plates  either  at  their  bottom  or  side  edges.  The  resulting  re- 
combination is  sufficient  to  lower  the  back  electromotive  force,  increase 
the  charge  current  and  raise  the  cell  temperature  in  the  float  charge  test. 

It  may  be  noted  that  the  above  process  is  independent  of  the 
material  used  in  the  barrier  layer  and  has  been  observed  at  DREO  with  cello- 
phane and  with  Permion  as  well  as  with  Celgard.  If  it  happens  even  in  only 
one  cell  in  a battery  (with  any  of  these  barrier  materials)  the  float  charge 
test  cannot  be  passed.  To  determine  whether  prevention  of  oxygen  access  to 
cadmium  via  the  bottom  of  the  pack  would  enable  Celgard  batteries  to  pass 
the  float  charge  test,  the  following  experiments  were  carried  out: 

(a)  Double  Celgard  Construction 

A battery  was  assembled  with  cells  constructed  in  the  laboratory 
with  separators  which  contained  only  Celgard.  Two  layers  were  used.  One 
consisted  of  "U"  shaped  strips  folded  upward  over  the  positive  plates,  thus 
closing  the  bottom  edges.  The  second  layer  was  wrapped  in  the  conventional 
manner,  over  the  first  layer.  In  this  way,  except  for  the  two  minor  points 
at  the  bottom  corners  of  each  positive  plate,  oxygen  could  escape  from  the 
positive  plate  only  via  the  top  of  the  pack. 

This  battery  readily  and  repeatedly  passed  the  float  charge  test 
even  when  the  tolerance  extremes  (charge  voltage  * 29V,  chamber  temperature 
- 51®C)  were  used  and  the  time  was  extended  beyond  50  hours.  It  is  note- 
worth  that  during  these  tests  the  current  stabilized  and  remained  essentially 
constant  for  the  remainder  of  the  test,  and  the  battery  temperature  remained 
at  approximately  the  chamber  temperature  throughout  the  test.  (The  internal 
cell  resistance  with  a double  Celgard  layer  is  too  high  for  high-rate 
applications) . 
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(b)  Closed  Bottom  Construction 

A battery  was  assembled  of  cells  constructed  in  the  laboratory  as 
described  above  under  "Barrier  Circumvention",  i.e.  with  the  normal  wrapping 
configuration  except  for  the  Celgard  projection  being  turned  up  between  the 
pack  and  the  cell  wall.  This  would  ensure  that  oxygen  escaping  from  the 
bottom  of  “he  pack  would  be  released  harmlessly  between  the  positive  plate 
and  the  cell  wall.  Also  the  beginning  and  the  end  of  the  Celgard  strip  were 
folded  over  the  -?ack  to  cover  the  side  edges  of  the  plates.  In  this  way  it 
was  expected  that  the  objectives  achieved  in  (a)  above  could  be  repeated  with- 
out increased  cell  resistance. 

In  the  float  charge  test,  this  battery  behaved  in  a manner  similar 
to  that  in  (a)  for  about  12  hours.  Then  indications  of  oxygen- cadmium  re- 
combination started  to  appear  in  one  or  two  cells.  Short  term  application 
of  a vacuum  to  the  vents  in  the  affected  cells  returned  them  temporarily  to 
the  stable  state. 

It  was  assumed  that  large  quantities  of  gas  were  trapped  in  the 
plate  pack  and,  at  the  elevated  temperature,  caused  some  of  the  pores  in  the 
Celgard  to  dry  out.  This  allowed  small  quantities  of  oxygen  to  penetrate 
the  barrier.  After  the  battery  cooled  to  room  temperature,  tests  showed  a 
slightly  reduced  gas  emission  rate  on  overcharge.  Thus  it  appears  that  the 
dried  out  pores  did  not  rewet. 

The  above  experiment  was  carried  out  with  Celgard  3401.  It  is  not 
known  whether  the  same  behaviour  would  occur  with  Celgard  3400  or  whether 
this  process  is  of  significance  except  in  connection  with  the  float  charge 
test.  No  operational  problems  have  been  encountered  in  the  laboratory  and 
no  problems  have  been  reported  from  the  field.  Woven  nylon  was  used  on  each 
side  of  the  Celgard  barrier  and  it  is  not  known  whether  other  separator 
materials  would  permit  freer  gas  flow  and  eliminate  the  gas  trapping  problem. 


CYCLE  LIFE  AND  FAILURE  MODES 


A limited  amount  of  work  was  carried  out  to  investigate  cycle  life 
and  failure  modes  of  Celgard.  Cycle  life  was  studied  by  exercising  groups  of 
cells  on  equipment  which  automatically  and  repeatedly  carried  out  the  follow- 
ing sequence:  the  charged  cells  were  discharged  into  a fixed  load  for  a 
period  of  15  minutes  at  approximately  20A;  this  was  followed  by  a 30-minute 
charge  at  a fixed  potential,  usually  1.5  volts  per  cell  with  a maximum 
current  of  20A;  a 15-minute  period  of  open  circuit  completed  the  1-hour  cycle. 

In  some  tests  a 15-second  discharge  at  about  150A  was  carried  out  midway  in 
the  rest  period.  Cycling  proceeded  continuously  but  was  interrupted  every 
200  cycles,  approximately,  for  deep  cycling  and  various  diagnostic  measurements. 
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Current  and  temperatures  were  monitored  during  the  cycling. 

All  of  the  cells  cycled  had  been  rebuilt  to  include  the  desired 
barrier  materials  but  most  of  the  plate  packs  had  been  used  extensively 
before  this.  In  some  cases  it  was  obvious  that  subsequent  short  circuits 
were  caused  by  sharp  projections  on  plates,  but  normally  damage  in  the 
vicinity  of  a short  circuit  obscured  possible  causes.  The  cycle  life  times 
observed  should  presumably  be  regarded  as  minimum  figures.  Two  typical  sets 
of  cells  are  discussed  here.  One  set  was  cycled  2400  times.  This  set  con- 
tained two  cells  with  cellophane,  two  with  Permion  6001E,  and  ten  with 
Celgard.  Both  cells  with  cellophane  developed  short  circuits  after  about 
1200  cycles.  One  cell  with  Celgard  failed  similarly  after  about  1400  cycles. 
One  cell  with  Permion  and  one  with  Celgard  failed  at  about  2000  cycles.  The 
remainder  were  still  performing  satisfactorily  at  the  end  of  the  2400  cycles. 

Another  set  of  10  cells  all  with  Celgard,  was  cycled  4000  times. 
This  set  had  previously  been  subjected  to  extensive  testing  including  numer- 
ous high-rate  discharges  and  elevated  temperatures.  Three  of  these  cells 
developed  short  circuits  after  1400,  2800  and  3600  cycles  respectively. 

It  was  noted  that  when  short  circuits  were  located  close  to  a cell 
wall,  a hole  in  the  wall  frequently  resulted.  However,  the  damage  was  not 
as  severe  as  is  frequently  observed  when  similar  short  circuits  occur  in 
cells  with  cellophane,  and  in  the  cases  observed,  never  resulted  in 
destruction  of  the  adjacent  cell.  This  is  presumably  due  to  the  ability  of 
Celgard  to  withstand  considerably  higher  temperatures  than  cellophane. 

The  ultimate  cell  failure  mode,  as  with  other  barrier  materials, 
therefore  is  the  formation  of  short  circuit  paths.  These  do  not  occur  as 
rapidly  as  with  cellophane  and  when  they  occur  do  not  seem  to  cause  as  much 
damage  to  other  cells  in  the  battery.  Any  drying  out  of  pores  observed  so 
far  has  been  minor  and  would  be  classed  as  minor  deterioration  rather  than 
failure.  Also,  it  was  possible  to  treat  the  cell  so  as  to  cause  these  pores 
to  rewet. 


SEVERE  USAGE 


The  ability  of  Celgard  to  withstand  conditions  which  severely 
damage  cellophane  has  been  frequently  observed.  Typical  is  a test  in  which 
a battery  was  heat  soaked  at  70°C  and  then  was  given  two  successive  dis- 
charges simulating  turbine  engine  starts.  No  discernable  damage  resulted. 

In  another  case  a battery*  was  subjected  to  a modified  float  charge  test  at 
QETE.  In  this  test  the  normal  procedure  of  charging  a fully  charged  battery 


* This  battery  was  rebuilt  with  Celgard  by  Air  Battery  Industries  Ltd., 
Montreal,  Quebec. 
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in  a chamber  at  49°C  was  followed.  However,  the  normal  maximum  current 
limitation  was  deleted  and  the  normal  battery  temperature  limitation  of  71°C 
was  relaxed  to  85°C.  The  test  continued  until  this  temperature  was  reached 
after  a period  of  29  hours.  About  1.5  hours  previously  a current  peak  of 
over  17A  had  been  reached.  The  current  then  started  to  decrease,  presumably 
due  to  low  electrolyte  levels  in  the  cells.  Subsequently,  on  examination  at 
DREO,  it  was  found  the  battery  contained  one  cell  with  a manufacturing  defect 
which  had  caused  a short  circuit,  and  two  cells  with  cellophane  instead  of 
Celgard.  No  intact  cellophane  remained  in  these  two  cells  after  the  test. 
However,  after  the  addition  of  75  ml  of  water  to  each  of  the  cells  (22  Ah), 
those  with  Celgard  performed  normally. 

Thus  it  is  seen  that  Celgard  can  withstand  the  severe  treatment 
which  may  occasionally  be  expected  to  occur  in  the  field.  More  recent  ex- 
perience has  further  confirmed  this  assessment. 


SUMMARY 


Celgard  is  a polypropylene  polymeric  microporous  film  available 
with  either  of  two  pore  sizes,  either  of  two  wetting  agents,  and  with  or 
without  polypropylene  web  laminations  heat  sealed  to  the  film.  All  of  these 
forms  serve  reasonably  well  as  barrier  layers  in  nickel/cadmium  aircraft 
batteries.  Extensive  testing  at  DREO,  however,  has  been  concentrated  on  the 
film  with  the  smaller  pores  and  without  web  laminations,  and  possible 
advantages  of  the  other  variations  have  not  been  examined. 

Laboratory  work  has  shown  Celgard  to  be  far  superior  to  the 
normally  used  cellophane  as  a barrier  material  in  nickel/cadmium  aircraft 
batteries.  It  is  easy  to  handle  during  cell  wrapping  and  easily  withstands 
the  oxidizing  environment  in  the  cell  even  at  elevated  temperatures.  No 
problems  have  been  detected  in  repeated  use  in  turbine  engine  starting  types 
of  high-rate  discharges. 

It  has  been  found  that,  at  least  under  laboratory  conditions,  ex- 
tensive overcharge  at  elevated  temperatures  may  result  in  some  drying  out  of 
pores  in  the  material.  It  is  not  known  whether  this  happens  under  field 
conditions  and  no  adverse  effects  have  so  far  been  reported. 
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